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(54) Liquid crystal display and driving method of the same 



(57) A display includes a ferroelectric liquid crystal 
material (42) having an asymmetric polarity response 
property, a section (32A, 32B) which applies an image 
signal to a pixel of the material (42) for every two fields 
forming one frame, and a controller (32C) which revers- 
es the polarity of the signal in one frame period. Partic- 
ularly, the controller (32C) is configured that the polarity 
of the signal is reversed in a selected one of first and 



second manners, the first manner initiating a signal am- 
plitudechange from a polarity in which a larger response 
of the material is obtainable, the second manner initiat- 
ing a signal amplitude change from a polarity in which 
a smaller response of the material is obtainable, and the 
selected manner being smaller in the total of brightness 
deviation generated in a frame immediately after the 
change for each of predetermined brightness transi- 
tions. 
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Description 

[0001] The present invention relates to a liquid crystal 
display including a ferroelectric liquid crystal material 
which is held between a pair of electrode substrates and 
whose optical response is asymmetric with respect to 
the polarity of a voltage applied from the electrode sub- 
strates, and a driving method for the display. 
[0002] A conventional liquid crystal display is of a 
holding type which continues to hold an image of a pre- 
vious frame until a new image is written. The display has 
a problem that the phenomenon of blur occurs during 
display of a moving image, unlike an impulse type dis- 
play such as a CRT which illuminates only for an after- 
glow time of a fluorescent material in each frame, in a 
case where one follows a moving object whose position 
changes between the images of successive frames, one 
observes the object as if it moves on the display while 
the image of the preceding frame is continuously dis- 
played. The blur phenomenon is recognized as a result 
that the eyes tend to trace the moving object by finely 
sampling observable information so that the position of 
the object can be interpolated between the images of 
the preceding and succeeding frames. 
[0003] In order to solve the problem, and obtain a suf- 
ficient display facility for the moving image in the liquid 
crystal display, it is preferable that high-speed response 
liquid crystals such as OCB (optically compensated 
bend) mode nematic liquid crystals and ferroelectric liq- 
uid crystals are used to provide an image display period 
and a blank display period in one frame. Concrete ex- 
amples of such a preferable system have been pro- 
posed. In one known system, a back-light is momentar- 
ily lit each time a liquid crystal response is completed 
with respect to writing of the entire image for one frame. 
Moreover, a field alternation (field inversion) driving form 
(Jpn. Pat. Appln. KOKAI Publication No. 10076/2000) is 
also known, in which one frame is divided into first and 
second fields for the asymmetric polarity response prop- 
erty of the liquid crystal, a voltage of one polarity is ap- 
plied in the first field to set the liquid crystal into a trans- 
mission state where transmission of light is controllable 
in an analog manner, and a voltage of the opposite po- 
larity is applied in the second field to set the liquid crystal 
into a non-transmission state where light is hardly trans- 
mitted. 

[0004] A monostable ferroelectric liquid crystal is 
known as the latter high-speed response liquid crystal 
having the asymmetric polarity response property. Mo- 
no-stability is obtained by polymer network introduced 
into a liquid crystal cell, or by an initial alignment treat- 
ment in which a slow-cooling process is carried out un- 
der application of a Direct Current voltage. Additionally, 
the asymmetric optical response can be obtainable 
even in a ferroelectric liquid crystal whose polarization 
property is symmetric, by means of polarization plates 
arranged properly. However, this liquid crystal is not suit- 
able for the field alternation driving form since the DC 



voltage is applied to the liquid crystal cell on time aver- 
age. 

[0005] If the driving operation of writing and holding 
voltages via TFT devices or the like is repeated for each 

5 frame to drive pixels of the ferroelectric liquid crystal 
generally having the symmetric response property, a 
voltage drop may occur in each pixel during a holding 
period by dielectric relaxation since a response time of 
the liquid crystal is usually longer than a writing time. 

10 This pixel voltage drop lowers effectiveness of the writ- 
ten voltage, and this causes a problem that brightness 
and contrast ratio cannot be sufficient forthe written volt- 
age. Moreover, in a symmetric polarity alternation driv- 
ing mode where the polarity of the voltage applied to the 

15 crystal is reversed for each frame so as to be positive 
or negative evenly, a "step response" phenomenon oc- 
curs after a certain frame in which the amplitude of the 
signal voltage is changed. In the phenomenon, the pixel 
is repeatedly switched between bright and dark states 

20 over several frames and finally set into a specified light 
transmittance (Verhulst et al.: IDRC'94 digest, 377 
(1994)). This "step response" phenomenon is caused 
by a different factor from the blur phenomenon of the 
holding type display, but the moving object trailing an 

25 afterimage may be observed as if the blur phenomenon 
has occurred. 

[0006] As a solution to the "step response" phenom- 
enon, there is a technique of erasing or canceling the 
preset charge by performing a reset driving operation in 

30 which a constant voltage is applied before the writing of 
each frame. Conventionally, various methods and cir- 
cuitries are proposed forthe reset driving operation. 
[0007] On the other hand, In a liquid crystal display 
having the asymmetric polarity response property, one 

35 frame is divided into two fields . For example, the display 
is driven in an alternating polarity driving mode where 
an image is written with a voltage of the positive polarity 
in the preceding field, and the image is erased with a 
voltage of the negative polarity in the succeeding field. 

40 In this case, the positive polarity is determined as a po- 
larity in which the amount of change in the light trans- 
mittance is larger with respect to the voltage applied to 
the liquid crystal cell (i.e., the polarity in which the (fer- 
roelectric) polarization of the liquid crystal cell is respon- 

45 sive or has a larger response). The negative polarity is 
determined as a polarity in which the amount of change 
in the light transmittance is smaller with respect to the 
voltage applied to the liquid crystal cell (i.e., the polarity 
in which the (ferroelectric) polarization of the liquid crys- 

50 tal cell is not responsive or has a smaller response). Ad- 
ditionally, when a DC voltage component remains in the 
liquid crystal celi, image sticking occurs due to uneven 
distribution of impurity ions caused by the DC voltage 
component. Therefore, it is general that the liquid crystal 

55 cell is driven with an AC voltage whose driving waveform 
has substantially the same amplitude In the positive and 
negative polarities so that no DC voltage component is 
applied. That is, the liquid crystal display having the 



3 



EP1 193 680 A2 



4 



asymmetric polarity response property can be driven by 
the voltage of substantially the same driving waveform 
except that a horizontal scanning frequency is double 
the frequency of the liquid crystal display having the 
symmetric polarity response. 5 
[0008] However, in a case where the liquid crystal dis- 
play with the asymmetric polarity response property is 
driven with the AC voltage whose driving waveform has 
substantially the same amplitude in the positive and 
negative polarities, the light transmittance increases in 10 
one or several frames after a certain frame in which the 
amplitude of the signal voltage is changed. When the 
amplitude is changed initially in the polarity of a larger 
response, the light transmittance increases at the time 
of rising. When the amplitude is changed initially in the 15 
polarity for a smaller response, the light transmittance 
increases at the time of falling. For example, when an 
available range of the light transmittance is divided into 
64 brightness levels, deviation of at least one brightness 
level can be easily observed as the afterimage. This 20 
problem can be solved by the known reset driving oper- 
ation for the liquid crystal display having the symmetric 
polarity response property. However, since one frame is 
divided into two fields, the writing time is regulated to 
half the normal writing time. Therefore, if a reset time is 25 
further disposed, writing deficiency is caused. Moreo- 
ver, a time margin for resetting can be obtained by driv- 
ing the scanning lines in units of two such that each 
scanning line pair is erased during the writing of other 
scanning lines. However, this method requires a com- 30 
plicated array structure and a reduced aperture ratio. If 
erasing is incomplete, non-uniform DC voltage compo- 
nents remain in the pixels. Although the asymmetric po- 
larity response type liquid crystal display is easily oper- 
able as an impulse type display which displays a moving 35 
image at high speed, there remains the problem that the 
moving image is impaired due to an afterimage. 
[0009] According to a first aspect of the present inven- 
tion, there is provided a liquid crystal display which com- 
prises: a ferroelectric liquid crystal material which is held 40 
between a pair of electrode substrates and whose opti- 
cal response is asymmetric with respect to the polarity 
of a voltage applied thereto; a signal applying section 
which applies an image signal to a pixel of the liquid 
crystal material for every two fields forming one frame; *5 
and a polarity controller which reverses the polarity of 
the image signal in one frame period, the polarity con- 
troller being configured such that the polarity of the im- 
age signal is reversed in a selected one of first and sec- 
ond polarity control manners, the first polarity control so 
manner initiating an amplitude change of the image sig- 
nal from a polarity in which a larger response of the liquid 
crystal material is obtainable, the second polarity control 
manner initiating an amplitude change of the Image sig- 
nal from a polarity in which a smaller response of the 55 
liquid crystal material is obtainable, and the selected po- 
larity control manner being smaller in the total of bright- 
ness deviation generated in a frame immediately after 



the amplitude change for each of predetermined bright- 
ness transitions. 

[001 0] According to a second aspect of the present 
invention, there is provided a liquid crystal display which 
comprises: a ferroelectric liquid crystal material which is 
held between a pair of electrode substrates and whose 
optical response is asymmetric with respect to the po- 
larity of a voltage applied thereto; a signal applying sec- 
tion which applies an image signal to a pixel of the liquid 
crystal material for every three or more fields forming 
one frame; and a polarity controller which reverses the 
polarity of the image signal in one frame period, the po- 
larity controller being configured to apply the image sig- 
nal of a first polarity for each field in a first one of two 
successive periods obtained by dividing the frame peri- 
od, and to apply the image signal of a second polarity 
opposite to the first polarity and of fixed amplitudes for 
each subsequent field in a second one of the two suc- 
cessive periods. 

[0011] According to a third aspect of the present in- 
vention, there is provided a driving method for a liquid 
crystal display having a ferroelectric liquid crystal mate- 
rial which is held between a pair of electrode substrates 
and whose optical response is asymmetric with respect 
to the polarity of a voltage applied thereto, which method 
comprises: application of an image signal to a pixel of 
the liquid crystal material for every two fields forming 
one frame; and polarity control to reverse the polarity of 
the image signal in one frame period, the polarity of the 
image signal being reversed in a selected one of first 
and second polarity control manners, the first polarity 
control manner initiating an amplitude change of the im- 
age signal from a polarity in which a larger response of 
the liquid crystal material is obtainable, the second po- 
larity control manner initiating an amplitude change of 
the image signal from a polarity in which a smaller re- 
sponse of the liquid crystal material is obtainable, and 
the selected polarity control manner being smaller in the 
total of brightness deviation obtained in a frame imme- 
diately after the amplitude change for each of predeter- 
mined brightness transitions. 

[001 2] According to a fourth aspect of the present in- 
vention, there is provided a driving method for a liquid 
crystal display having a ferroelectric liquid crystal mate- 
rial which is held between a pair of electrode substrates 
and whose optical response is asymmetric with respect 
to the polarity of a voltage applied thereto, which method 
comprises; application of an image signal to a pixel of 
the liquid crystal material for every three or more fields 
forming one frame; and polarity control to reverse the 
polarity of the image signal in one frame period, the im- 
age signal of a first polarity being applied for each field 
in a first one of two successive periods obtained by di- 
viding the frame period, and the image signal of a sec- 
ond polarity opposite to the first polarity and of fixed am- 
plitudes being applied for each subsequent field in a 
second one of the two successive periods. 
[0013] In the aforementioned liquid crystal display 
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and driving method for the display, the amplitude 
change is initiated from a polarity that is selected from 
polarities in which larger and smaller responses of the 
liquid crystal are respectively obtainable and that is 
smaller in the total of brightness deviation generated in 5 
the frame immediately after the amplitude change of the 
image signal for each of predetermined brightness tran- 
sitions. Alternatively, the image signal of a first polarity 
is applied for each field in a first one of two successive 
periods obtained by dividing the frame period, and the 10 
image signal of fixed amplitudes for each field and of a 
second polarity opposite to the first polarity Is applied 
for each subsequent field in a second pne of the two 
successive periods. In either case, since the polarity of 
the applied voltage is adaptedforthe asymmetric optical '5 
response of the ferroelectric liquid crystal material, oc- 
currence of an afterimage can be reduced. Accordingly, 
the contrast and aperture ratio can be improved without 
requiring a complicated array structure. 
[0014] This summary of the invention does not nec- 20 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0015] The invention can be more fully under stood 
from the following detailed description when taken in 25 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a diagram showing a circuit configuration 
of a liquid crystal display according to a first embod- 
iment of the present invention; 30 
FIG. 2 is a graph showing a voltage-light transmit- 
tance characteristic of a liquid crystal cell shown in 
FIG. 1; 

FIG. 3 is an explanatory view of alignment states in 
the liquid crystal cell shown in FIG. 1 ; 35 
FIG. 4 is a waveform diagram showing driving and 
optical response waveforms of the liquid crystal dis- 
play shown in FIG. 1; 

FIG. 5 is an explanatory view of an afterimage ob- 
served in the liquid crystal display shown in FIG. 1 *o 
when a large brightness deviation is generated up- 
on transition of brightness; 
FIG. 6 is a diagram showing a relation between the 
brightness deviation generated in the liquid crystal 
display shown in FIG. 1 and the combination of pre- 45 
ceding and succeeding brightness levels; and 
FIG. 7 is a waveform diagram showing driving and 
optical response waveforms of the liquid crystal dis- 
play according to a second embodiment of the 
present invention. so 

[0016] A liquid crystal display according to a first em- 
bodiment of the present invention will be described 
hereinafter with reference to the accompanying draw- 
ings. As shown in FIG. 1, the liquid crystal display in- 55 
eludes a liquid crystal panel 31 for displaying an image, 
and a display control circuit 32 for controlling a display 
operation of the liquid crystal panel 31 . The liquid crystal 



panel 31 includes an array substrate AR, counter sub- 
strate CT, and liquid crystal cell LQ held between the 
substrates AR and CT The counter substrate CT in- 
cludes a counter electrode 33 set at a common potential 
Vcom. The array substrate AR includes a plurality of 
scanning tines 34, a plurality of signal lines 35 intersect- 
ing the scanning lines 34 and insulated from one anoth- 
er, a plurality of pixel electrodes 36 facing the counter 
electrode 33 in pixel regions partitioned by the scanning 
and signal lines, and a plurality of thin-film transistor 
(TFT) devices 37 formed near intersections of the scan- 
ning and signal lines as switching elements. Each TFT 
device 37 has a gate connected to a corresponding one 
of the scanning lines 34, a drain connected to a corre- 
sponding one of the signal lines 35, and a source con- 
nected to a corresponding one of the pixel electrodes 
36, and applies an image signal from the corresponding 
signal line 35 to the corresponding pixel electrode 36 in 
response to a gate pulse from the corresponding scan- 
ning line 34. Moreover, each pixel electrode 36 is dis- 
posed in parallel with the scanning lines 34, and capac- 
itively coupled with a storage capacitance line 38 of the 
common potential Vcom so as to form a storage capac- 
itance 39. The display control circuit 32 includes a scan- 
ning line driving circuit 32A for supplying a gate pulse to 
the scanning lines 34 in different horizontal scanning pe- 
riods, a signal line driving circuit 32B for supplying image 
signals to the signal lines 35 in each horizontal scanning 
period, and a liquid crystal controller 32C for controlling 
the scanning line driving circuit 32A and signal line driv- 
ing circuit 32B. Concretely, the scanning line driving cir- 
cuit 32A and signal line driving circuit 32B are associat- 
ed such that the image signals are applied to pixels of 
the liquid crystal panel 31 for each frame. The liquid 
crystal controller 32C controls the scanning line driving 
circuit 32A and signal line driving circuit 32B to reverse 
the polarity of the image signal in one frame period. 
Here, the liquid crystal controller32C is configured such 
that an amplitude change of the image signal is initiated 
from a polarity that is selected from polarities in which 
larger and smaller responses of the liquid crystal are re- 
spectively obtainable and that is smaller in the total of 
brightness deviation generated in the frame immediate- 
ly after the amplitude change for each of predetermined 
brightness transitions. 

[0017] The liquid crystal cell LQ has a structure in 
which a ferroelectric liquid crystal having phase se- 
quence of Iso-Ch-SmC* is monostable, and has a volt- 
age-light fransmittance characteristic as shown in FIG. 
2. Additionally, unless otherwise specified hereinafter, a 
pair of polarizing plates are disposed in a cross-Nico! 
manner with respect to the liquid crystal cell LQ having 
the voltage-light transmittance characteristic shown in 
FIG. 2, thereby setting a normally black mode in which 
a black display is maintained in a state where no voltage 
is applied. FIG. 3 shows alignment states of the liquid 
crystal cell LQ observed from above the liquid crystal 
panel 31 . A longer axis of a liquid crystal molecule 42 is 
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parallel to a uniaxial alignment treatment direction 41 (e. 
g. , rubbing direction) when no voltage is applied. On the 
other hand, the liquid crystal molecule 42 rotates on a 
conical surface 43 in accordance with the applied volt- 
age when the voltage is of one polarity. The molecule 5 
stays in the uniaxial alignment treatment direction 41 
when the voltage is of the opposite polarity. Here, as- 
suming that a product And of the anisotropic refractive 
index An in the liquid crystal cell LQ and the thickness 
d of the liquid crystal cell LQ is 1/2 a wavelength, a max- io 
imum change in brightness is obtained when an in-plane 
rotation angle of the liquid crystal molecule 42 is 45° (i. 
e., a position after the molecule half turns on the conical 
surface). In an alignment formation process, the liquid 
crystal panel 31 is heated to the temperature of a Ch « 
phase of the ferroelectric liquid crystal, and then cooled 
to the temperature of an SmC* phase in a condition that 
a DC voltage of +1 to +5 V or -1 to -5 V is applied be- 
tween the pixel electrode 36 and the counter electrode 
CT. In this case, a rotation direction and response po- 20 
larity of the liquid crystal molecule 42 depend on the po- 
larity of the applied voltage as shown in (b) and (c) of 
FIG. 3, Additionally, In the alignment formation process, 
the polarity of the applied voltage may be reversed for 
each row and/or column of the pixel electrodes. Moreo- 25 
ver, a polymer stabilized ferroelectric liquid crystal may 
be used for the liquid crystal cell LQ. This polymer sta- 
bilized ferroelectric liquid crystal is obtained by applying 
an ultraviolet ray having a wavelength of 365 nm and 
illuminance of 2 mW/cm 2 to a mixture of a liquid crystal 30 
methacrylate photocurable material and ferroelectric liq- 
uid crystal for 30 seconds at the SmC phase tempera- 
ture with the above-mentioned DC voltage or at the tem- 
perature of an SmA phase, and has an asymmetric po- 
larity response property similar to the voltage-light trans- 35 
mittance characteristic shown in FIG. 2. 
[0018] An operation of the liquid crystal display will be 
described. In the field alternation driving form, image 
signals of the same polarity are written into all the pixel 
electrodes 36 during the same field. Thus, cross talk *o 
easily occurs. In a signal line alternation driving form, 
the polarity is reversed for each signal line 35 to reduce 
a phenomenon in which a pixel potential shifts toward 
the opposite polarity due to capacitive coupling with the 
adjacent signal lines 35. Further, in a scanning line al- 45 
ternation driving form, the polarity is reversed for each 
scanning line 34 to similarly reduce the influence of the 
capacitive coupling. Moreover, in a dot alternation driv- 
ing form, the polarity is reversed for each scanning line 
34 and for each signal line 35. Thus, cross talk can be 50 
considerably reduced. 

[0019] The present invention is applicable to any one 
of the signal line, scanning line, and dot alternation driv- 
ing forms. However, to improve the display quality, it is 
preferable that voltages of different polarities are ap- 55 
plied in the alignment formation process such that two 
alignment states shown in (b) and (c) of FIG. 3 are re- 
spectively provided for the pixels assigned to one polar- 



ity and the pixels assigned to the opposite polarity to 
simultaneously operate in the black or white display 
mode during the same field. 

[0020] FIG. 4 shows a potential waveform 12 of the 
scanning line 34, potential waveform 1 3 of the signal line 
35, potential waveform 14 of the pixel electrode 36 and 
optical response (light transmittance) waveform 15 ob- 
tained in the liquid crystal panel 31 when the signal line 
driving circuit 32B operates in the aforementioned signal 
line alternation driving form. The symmetric polarity re- 
sponse liquid crystal is usually driven at 60 Hz (one 
frame = 16.7 ms), while the asymmetric polarity re- 
sponse liquid crystal is driven at 120 Hz (one field = 8.3 
ms, one frame = two fields). Therefore, the liquid crystal 
controller 32C requires a field memory for storing data 
of image signals. In the potential waveform of each 
scanning line 34, gate pulses 11 are arranged at an in- 
terval of 8.3 ms, and a width of the gate pulse 11 is a 
value obtained by dividing 8.3 ms by a total number of 
scanning lines (e.g., 10.9 \xs with 768 lines of XGA). 
Similarly to a conventional active matrix type liquid crys- 
tal display, only while the gate pulse 11 is applied to a 
gate terminal of the TFT device 37 of each pixel, the TFT 
device 37 is turned on, and the voltage of the signal line 
35 is written in the pixel electrode 36. A charge of the 
pixel electrode 36 is held while the TFT device 37 is off. 
Additionally, the pixel voltage drops in the holding period 
by dielectric relaxation of the ferroelectric liquid crystal 
as described above. The amount of voltage drop in- 
creases with an increase of spontaneous polarization of 
the liquid crystal molecule 42, and decreases with an 
increase of the storage capacitance 39. 
[0021 ] Here, signal line potential waveforms 1 3a and 
13b, pixel potential waveforms 1 4a and 1 4b, and optical 
response (light transmittance) waveforms 15a and 15b 
are respectively indicative of a case where the voltage 
is applied (i.e., the signal amplitude is changed) initially 
from the polarity in which a smaller response is obtain- 
able in one frame, and of a case where the voltage is 
applied (i.e., the signal amplitude is changed) initially 
from the polarity in which a larger response is obtaina- 
ble. The polarity for the smaller response corresponds 
to a positive polarity (right-side) in the voltage-light 
transmittance characteristic shown in FIG. 2, and the 
polarity for the larger response corresponds to a nega- 
tive polarity (left-side) in the voltage-light transmittance 
property shown in FIG. 2. Even when the signal ampli- 
tude is changed initially from either polarity, the light 
transmittance becomes substantially higher in the first 
frame immediately after the amplitude change, as com- 
pared with a stable value of the light transmittance of 
the subsequent frames. When the polarity for the small- 
er response precedes, a brightness deviation 16a ap- 
pears at the time of falling time. When the polarity for 
the larger response precedes, a brightness deviation 
1 6b appears at the time of rising. A large brightness de- 
viation is the cause of a blur or an afterimage in which 
the moving image trails. This afterimage is conspicuous- 
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ly recognized when a black or white moving image is 
displayed in a uniform gray background as shown in 
FIG. 5. Therefore, it is necessary to minimize the bright- 
ness deviation of the first frame immediately after the 
amplitude change to suppress the afterimage. For this 
purpose, measurement is required to evaluate which 
polarity should appropriately precede for the signal am- 
plitude change. 

[0022] (a) and (b) of FIG. 6 show collective results of 
the brightness deviation generated for transition among 
64 brightness levels when the signal amplitude is 
changed from the polarity for the larger response and 
from the polarity for the smaller response in one frame, 
respectively. Values shown in (a) and (b) of FIG. 6 are 
a brightness level corresponding to a deviation of the 
brightness in the first frame from that in the second and 
subsequent frames. It is preferable to measure the de- 
viation with respect to all the brightness levels for actual 
use, such as 64 and 256 brightness levels. Here, for 
ease of understanding, a measurement result is shown 
with respect to the minimum necessary four brightness 
levels among 64 brightness levels. According to the re- 
sult, when the amplitude change is initiated from the 
larger response polarity, the brightness deviation is two 
levels at maximum, and a total value (i.e., a total abso- 
lute value of the brightness deviation) is six. On the other 
hand, when the amplitude change is initiated from the 
smaller response polarity, the deviation is 14 levels at 
maximum, and the total value is 41.5. Therefore, it is 
seen that the amplitude change from the larger re- 
sponse polarity is desirable, because the afterimage 
hardly occurs. 

[0023] In general, the measurement results are com- 
pared with each other in this manner, and a smaller total 
value is preferably selected. In the measurement results 
shown in FIG. 6, measured values among omitted 
brightness levels are substantially equal to interpolated 
values. Therefore, even with measurement for all the 64 
brightness levels (or 256 brightness levels) and compar- 
ison of the brightness deviation total values, a similar 
result is obtained, that is, the amplitude change from the 
larger response polarity is better. In the liquid crystal 
such as the monostable ferroelectric liquid crystal, it is 
particularly slow in the falling response that the liquid 
crystal molecule 42 returns from a rotated angle to an 
initial angle parallel to the rubbing direction upon writing 
of 0V. This considerably increases the brightness devi- 
ation at the time of falling. Thus, it is preferable to initiate 
the amplitude change from the polarity in which a larger 
response is obtainable upon application of a voltage. 
Conversely, in the liquid crystals having a quick falling 
property, the brightness deviation increases relatively at 
the time of rising. Therefore, it is preferable to initiate 
the amplitude change from the polarity in which almost 
no response is obtainable upon application of a voltage, 
so that afterimage can be eliminated form the displayed 
image. In an alternation driving form other than the field 
alternation driving form, a moving direction and voltage 



polarity of the liquid crystal molecule 42 are variably de- 
termined for each pixel as shown in (b) and (c) of FIG. 
3. Therefore, a different one of the positive and negative 
polarities is determined for each pixel as the polarity of 

5 the voltage actually applied for the larger response. The 
present invention is applicable even in this case, and it 
is only required that one of the larger response and 
smaller response polarities suitable for initiation of the 
amplitude change is selected for each pixel by doing the 

10 aforementioned comparison. As a result, the polarities 
of voltages applied to the pixels in each field are ar- 
ranged in the same manner as that for the usual alter- 
nation driving form. 

[0024] In the liquid crystal display of the present em- 

is bodiment, the signal line driving circuit 32 drives each 
signal line 35 such that the amplitude change of the volt- 
age applied to a corresponding pixel is initiated from that 
one of the larger response and smaller response polar- 
ities in each frame period, which is selected according 

20 to a result of the aforementioned comparison. Conse- 
quently, an afterimage can be effectively prevented in 
the structure that the ferroelectric liquid crystal having 
the asymmetric polarity response property forms the liq- 
uid crystal cell LQ. 

25 [0025] The liquid crystal display according to a sec- 
ond embodiment of the present invention will be de- 
scribed hereinafter with reference to the accompanying 
drawings. The liquid crystal display is similar to that of 
the first embodiment except the configuration of the dis- 

30 play control circuit 32. Therefore, parts similar to that of 
the first embodiment are denoted with the same refer- 
ence numerals, and a description thereof is omitted. 
[0026] In the liquid crystal display, the scanning line 
driving circuit 32A and signal line driving circuit 32B op- 

35 erate to apply image signals to the pixels of the liquid 
crystal panel 31 for every three or more fields forming 
one frame. The liquid crystal controller 32C controls 
these scanning line driving circuit 32A and signal line 
driving circuit 32B so that the polarity of each image sig- 

40 nal is reversed in one frame period. Here, the liquid crys- 
tal controller 32C is configured to apply the image signal 
of a first polarity for each field in a first one of two suc- 
cessive periods obtained by dividing the frame period, 
and to apply the image signal of a second polarity op- 

45 posite to the first polarity and of fixed amplitudes for 
each subsequent field in a second one of the two suc- 
cessive periods. 

[0027] The signal line driving circuit 32 is configured 
to operate in the signal line alternation driving form such 

50 that a potential waveform 22 of the scanning line 34, po- 
tential waveform 23 of the signal line 35, potential wave- 
form 24 of the pixel electrode 36, and optical response 
(light trans mitta nee) waveform 25 are obtained in the liq- 
uid crystal panel 31 as shown in FIG. 7. Here, the horl- 

55 zontal scanning frequency is double the frequency of the 
first embodiment. The signal with the same polarity is 
repeatedly written into each pixel electrode 36 twice in 
one frame. In the second writing for the smaller re- 
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sponse property, the amplitude of the signal determined 
according to that for the next frame. Assume that V(n) 
denotes the signal amplitude for a certain pixel in the n- 
th frame, V(n+1) denotes the signal amplitude for the 
certain pixel in the n+1 51 frame, and the negative polarity 
is determined as a polarity for the larger response prop- 
erty of the certain pixel. Then, four writing voltages +v 
(n), -V(n), -v(n), and +v(n) are applied in the n-th frame, 
and four writing voltages +V(n+1), -V(n+1), -V(n+1), +V 
(n+1 ) are applied in the subsequent n+1 st frame. In the 
two consecutive frames, the two positive writing fields 
(smaller response polarity) adjoin each other. The first 
one is of the signal for the n-th frame, and the second 
one is of the signal for the n+1 st frame. These positive 
writing voltages for the small response property serve 
as pulses for resetting and preliminary writing, respec- 
tively, thus considerably decreasing the brightness de- 
viation. Concretely, when the liquid crystal having the 
same property as that of the first embodiment is used, 
the falling brightness deviation property is represented 
by the values of a left lower triangular region (preceding 
brightness level > succeeding brightness level) shown 
in (a) of FIG. 6, and the rising brightness deviation prop- 
erty is represented by the values of a right upper trian- 
gular region (preceding brightness level < succeeding 
brightness level) shown in (b) of FIG. 6. Furthermore, in 
two consecutive writings with the same polarity, the 
brightness deviation occurs only in the first writing, and 
turns to zero in the second writing, and the value is 
therefore practically 1/2. Consequently the result is ob- 
tained as shown in (c) of FIG. 6. The result reveals that 
the existing brightness deviation is fully regulated below 
one brightness level, and the afterimage is eliminated 
to a degree having no practical problems. Moreover, 
since the writing for the larger response property is re- 
peated twice, improved transmittance is attainable as 
an incidental effect, A driving form of repeatedly writing 
the same polarity signal is known (Jpn. J. Appln. Phys. 
Vol . 33 (1 994) 4950 to 4959, the entire contents of wh ich 
are incorporated herein by reference). Even if a total pe- 
riod of the writing time is the same, the amount of optical 
response is larger in two-time writings than in one-time 
writing. Therefore, transmittance in the optical response 
waveform 25 is improved as shown in FIG. 7. Since the 
conventional writing order is changed to solve the prob- 
lem without requiring any additional time margin for re- 
setting, the same total writing time as that of the con- 
ventional art can be secured. 

[0028] In the present embodiment, writing is repeated 
twice for each polarity (one frame = four fields), but the 
number of repetitive writings with the same polarity is 
not limited to two, and one frame may further be divided 
into a large number of fields and a large number of writ- 
ings may be performed. In this case, In a plurality of writ- 
ings for the smaller response property, the amplitude for 
several writings from the first one (i.e., the amplitude for 
the same frame) is determined such that the previous 
opposite polarity writing is cancelled, and the amplitude 



for several writings to the last one (i.e., the amplitude 
for the next frame) is determined as that of a preliminary 
writing for the next opposite polarity writing. As a result, 
a similar effect is obtained. When the voltage of the 

5 same polarity is written three times, six writing voltages 
+V(n), -V(n), -V(n), -V(n), +V(n), +V(n) may be applied 
in the n-th frame and six writing voltages +V(n+1), -V 
(n+1), ~V(n+1), -V(n+-1), +V(n+1), +V(n+1) may be ap- 
plied in the subsequent n+1 st frame, for example. 

10 [0029] Moreover, a plurality of fields forming one 
frame may not have the same period of time. 
[0030] Furthermore, even when one frame is divided 
into a plurality of fields different in length from one an- 
other, writing for the larger response property is per- 

15 formed once, and writing for the smaller response prop- 
erty is performed a plurality of times (the amplitude is 
changed as described above), a similar effect is ob- 
tained. 

[0031] Only when a voltage for the smaller response 
20 polarity is written into the pixel of a non-voltage state or 
a smaller response polarity state, the pixel potential 
hardly drops in the holding period. Therefore, there is a 
possibility that the average value of the smaller re- 
sponse polarity pixel potential becomes higher than the 
25 average value of the larger response polarity pixel po- 
tential due to repetitive application of the writing voltage 
of the polarity for the smaller response property. In this 
case, a DC voltage component which remains accord- 
ing to the polarity asymmetry of the pixel potential is 
30 eliminated by a countermeasure of shortening the peri- 
od of one or both of the two fields assigned to the writing 
for the smaller response property, so that image sticking 
due to uneven distribution of impurity ions can be pre- 
vented. 

35 [0032] Additionally, in the liquid crystal display of the 
second embodiment, a sequence of the image signal 
sent out to the signal line differs from a conventional 
one, and therefore a frame memory for storing data of 
the image signal is required. However, since the field 

40 memory is already prepared for driving the aforemen- 
tioned asymmetric polarity response liquid crystal at 120 
Hz, an increase of the manufacturing cost is slight for 
the driving method according to the second embodi- 
ment. In a case where the alternation driving form other 

45 than the field inversion driving form is employed, a mov- 
ing direction and voltage polarity of the liquid crystal mol- 
ecule 42 are variably determined for each pixel as 
shown in (b) and (c) of FiG. 3. Therefore, a different one 
of the positive and negative polarities is determined for 

50 each pixel as the polarity of the voltage actually applied 
for the larger response. Even in this case, the present 
invention is applicable, and it is possible to employ a 
driving form of changing the amplitude of the voltage of 
consecutive writings only for the smaller response po- 

55 larity of each pixel. 
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Claims 

1. A liquid crystal display characterized by compris- 
ing: 

5 

a ferroelectric liquid crystal material (42) which 
is held between a pair of electrode substrates 
(AR, CT) and whose optical response is asym- 
metric with respect to the polarity of a voltage 
applied; io 
a signal applying section (32A, 32B) which ap- 
plies an image signal to a pixel of said liquid 
crystal material (42) for every two fields forming 
one frame; and 

a polarity controller (32C) which reverses the is 
polarity of the image signal in one frame period, 
said polarity controller (32C) being configured 
that the polarity of the image signal is reversed 
in a selected one of first and second polarity 
control manners, said first polarity control man- 20 
ner initiating an amplitude change of the image 
signal from a polarity in which a larger response 
of said liquid crystal material (42) is obtainable, 
said second polarity control manner initiating 
an amplitude change of the image signal from 25 
a polarity in which a smaller response of said 
liquid crystal material (42) is obtainable, and 
said selected polarity control manner being 
smaller in the total of brightness deviation gen- 
erated in a frame immediately after the ampli- 30 
tude change for each of predetermined bright- 
ness transitions. 

2. A liquid crystal display characterized by compris- 
ing: 35 

a ferroelectric liquid crystal material (42) which 
is held between a pair of electrode substrates 
(AR, CT) and whose optical response is asym- 
metric with respect to the polarity of a voltage 40 
applied; 

a signal applying section (32A, 32B) which ap- 
plies an image signal to a pixel of said liquid 
crystal material (42) for every three or more 
fields forming one frame; and 45 
a polarity controller (32C) which reverses the 
polarity of the image signal in one frame period, 
said polarity controller (32C) being configured 
to apply the image signal of a first polarity for 
each field in a first one of two successive peri- so 
ods obtained by dividing the frame period, and 
to apply the image signal of a second polarity 
opposite to the first polarity and of fixed ampli- 
tudes for each subsequent field in a second one 
of the two successive periods. 55 

3. The liquid crystal display according to claim 2, char- 
acterized in that said fixed amplitudes depend on 



the amplitude of the image signal for the next frame, 

4. The liquid crystal display according to claim 2, char- 
acterized in that said second polarity is a polarity 
in which a smaller optical response of said ferroe- 
lectric liquid crystal material (42) is obtainable. 

5. The liquid crystal display according to claim 2, char- 
acterized in that said second period includes at 
least two consecutive fields of three or more fields 
forming said one frame period, and said first period 
includes at least one field which remains in said 
three or more fields. 

6. The liquid crystal display according to claim 2, char- 
acterized in that said second period includes at 
least two consecutive fields of three or more fields 
forming said one frame period and having different 
time lengths, and said first period includes at least 
one field which remains in said three or more fields. 

7. The liquid crystal display according to claim 6, char- 
acterized in that said second polarity is a polarity 
in which a smaller optical response of said ferroe- 
lectric liquid crystal material (42) is obtainable. 

8. A liquid crystal display characterized by compris- 
ing: 

a first substrate (AR) including a plurality of pix- 
el electrodes (36) arranged substantially in a 
matrix, a plurality of scanning lines (34) dis- 
posed along rows of said pixel electrodes (36), 
a plurality of signal lines (35) disposed along 
columns of said pixel electrodes (36), and a plu- 
rality of switching elements (37) each of which 
is disposed near an intersections of corre- 
sponding scanning and signal lines (34, 35) and 
driven via the corresponding scanning line (34) 
to apply the potential of the corresponding sig- 
nal line (35) to a corresponding pixel electrode 
(36); 

a second substrate (CT) including a counter 
electrode (33) facing said pixel electrodes (36); 
a driving section (32A, 32B) which drives one 
of said scanning lines (34) sequentially select- 
ed for each horizontal scanning period, and 
said signal lines (35) during said each horizon- 
tal scanning period; 

a liquid crystal cell (LQ) including a ferroelectric 
liquid crystal material (42) which is held be- 
tween said first and second electrode sub- 
strates (AR, CT) and whose optical response is 
asymmetric with respect to the polarity of a volt- 
age applied between said pixel and counter 
electrodes (36, 33); and 
a liquid crystal controller (32C) which controls 
said driving section (32A, 32B) to supply an im- 
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age signal to each signal line (35) for every two 
fields forming one frame and reverse the polar- 
ity of the image signal in one frame period, said 
liquid crystal controller (32C) being configured 
that the polarity of the image signal is reversed 5 
in a selected one of first and second polarity 
control manners, said first polarity control man- 
ner initiating an amplitude change of the image 
signal from a polarity in which a larger response 
of said liquid crystal material (42) is obtainable, io 
said second polarity control manner initiating 
an amplitude change of the image signal from 
a polarity in which a smaller response of said 
liquid crystal material (42) is obtainable, and 
said selected polarity control manner being '5 
smaller in the total of brightness deviation gen- 
erated in a frame immediately after the ampli- 
tude change for each of predetermined bright- 
ness transitions. 

20 

A liquid crystal display characterized by compris- 
ing: 

a first substrate (AR) including a plurality of pix- 
el electrodes (36) arranged substantially in a 25 
matrix, a plurality of scanning lines (34) dis- 
posed along rows of said pixel electrodes (36), 
a plurality of signal lines (35) disposed along 
columns of said pixel electrodes (36), and a plu- 
rality of switching elements (37) each of which 30 
is disposed near an intersections of corre- 
sponding scanning and signal lines (34, 35) and 
driven via the corresponding scanning line (34) 
to apply the potential of the corresponding sig- 
nal line (35) to a corresponding pixel electrode 35 
(36); 

a second substrate (CT) including a counter 
electrode (33) facing said pixel electrodes (36); 
a driving section (32A, 32B) which drives one 
of said scanning lines (34) sequentially select- 40 
ed for each horizontal scanning period, and 
said signal lines (35) during said each horizon- 
tal scanning period; 

a liquid crystal cell (LQ) including a ferroelectric 
liquid crystal material (42) which is held be- 45 
tween said first and second electrode sub- 
strates (AR, CT) and whose optical response is 
asymmetric with respect to the polarity of a volt- 
age applied between said pixel and counter 
electrodes (36, 33); and so 
a liquid crystal controller (32C) which controls 
said driving section (32A, 32B) to supply an im- 
age signal to each signal line for every three or 
more fields forming one frame and reverse the 
polarity of the image signal in one frame period, 55 
said liquid crystal controller (32C) being config- 
ured to apply the image signal of a first polarity 
for each field in a first one of two successive 



periods obtained by dividing the frame period, 
and to apply the image signal of a second po- 
larity opposite to the first polarity and of fixed 
amplitudes for each subsequent field in a sec- 
ond one of the two successive periods. 

1 0. The liquid crystal display according to claim 9, char- 
acterized in that said fixed amplitudes depend on 
the amplitude of the image signal for the next frame. 

1 1 . The liquid crystal display according to claim 9, char- 
acterized in that said second polarity is a polarity 
in which a smaller optical response of said ferroe- 
lectric liquid crystal material (42) is obtainable. 

1 2. The liquid crystal display according to claim 9, char- 
acterized in that said second period includes at 
least two consecutive fields of three or more fields 
forming said one frame period, and said first period 
includes at least one field which remains in said 
three or more fields. 

1 3. The liquid crystal display according to claim 9, char- 
acterized in that said second period includes at 
least two consecutive fields of three or more fields 
forming said one frame period and having different 
time lengths, and said first period includes at least 
one field which remains in said three or more fields. 

14. The liquid crystal display according to claim 13, 
characterized in that said second polarity is a po- 
larity in which a smaller optical response of said fer- 
roelectric liquid crystal material (42) is obtainable. 

15. A driving method for a liquid crystal display having 
a ferroelectric liquid crystal material (42) which is 
held between a pair of electrode substrates (AR, 
CT) and whose optical response is asymmetric with 
respect to the polarity of a voltage applied, said 
method characterized by comprising: 

application of an image signal to a pixel of said 
liquid crystal material (42) for every two fields 
forming one frame; and 
polarity control to reverse the polarity of the im- 
age signal in one frame period, said polarity of 
the image signal being reversed in a selected 
one of first and second polarity control man- 
ners, said first polarity control manner initiating 
an amplitude change of the image signal from 
a polarity in which a larger response of said liq- 
uid crystal material (42) is obtainable, said sec- 
ond polarity control manner initiating an ampli- 
tude change of the Image signal from a polarity 
in which a smaller response of said liquid crys- 
tal material (42) is obtainable, and said select- 
ed polarity control manner being smaller in the 
total of brightness deviation obtained in a frame 
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Immediately after the amplitude change for 
each of predetermined brightness transitions. 

16. A driving method for a liquid crystal display having 

a ferroelectric liquid crystal material (42) which is 5 
held between a pair of electrode substrates (AR, 
CT) and whose optical response is asymmetric with 
respect to the polarity of a voltage applied, said 
method characterized by comprising: 

10 

application of an image signal to a pixel of said 
liquid crystal material (42) for every three or 
more fields forming one frame; and 
polarity control to reverse the polarity of the im- 
age signal in one frame period, said image sig- 15 
nal of a first polarity being applied for each field 
in a first one of two successive periods obtained 
by dividing the frame period, and said image 
signal of a second polarity opposite to the first 
polarity and of fixed amplitudes being applied 20 
for each subsequent field in a second one of 
the two successive periods. 

17. The driving method according to claim 1 6, charac- 
terized in that said fixed amplitudes depend on the 25 
amplitude of the image signal for the next frame. 

1 8. The driving method according to claim 1 6, charac- 
terized In that said second polarity is a polarity In 
which a smaller optical response of said ferroelec- 30 
trie liquid crystal material (42) is obtainable. 

1 9. The driving method according to claim 1 6, charac- 
terized in that said second period includes at least 
two consecutive fields of three or more fields form- 35 
ing said one frame period, and said first period in- 
cludes at least one field which remains in said three 

or more fields. 

20. The driving method according to claim 1 6, charac- 40 
terlzed In that said second period includes at least 
two consecutive fields of three or more fields form- 
ing said one frame period and having different time 
lengths, and said first period includes at least one 
field which remains in said three or more fields. 45 

21. The driving method according to claim 20, charac- 
terized in that said second polarity is a polarity in 
which a smaller optical response of said ferroelec- 
tric liquid crystal material (42) is obtainable. 50 
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